shows the calculated equilibrium formation energies for all defects studied using both PBE GGA and HSE hybrid functionals. Geometries were fully relaxed with each functional.
increase in the O-O bond length. While not included in the table below, we did consider hole bipolarons, p 2+ . However, we were not able to localize both holes at a single O 2 dimer. Seven interstitial sites were considered: centers of empty prisms, centers of tetrahedra, centers of faces shared by prisms and octahedra, sides of prisms, centers of faces shared by tetrahedra and prisms, centers of faces shared by octahedra and tetrahedra, and off-center of empty prisms (displaced halfway towards a corner). GGA calculations were performed at all seven sites for all charge states considered; hybrid calculations were done using only the site predicted to be lowest in energy by GGA for a given charge state. For all charge states, oxygen interstitials were found to favor the site off-center of empty prisms, forming a structure that resembles an ozonide ion.
Neutral lithium interstitials also favored this site, while the negative and positive lithium interstitials favored the faces of octahedra/tetrahedra and centers of empty prisms, respectively. Figure S1 shows the magnetization density of the hole polaron. The distribution of the magnetization density represents the location of the hole. As α goes from 0 to 0.25 to 0.48, the hole becomes more localized. 
Hopping and Migration Pathways
All five nearest neighbor V Li -migration pathways were considered. The GGA nudged elastic band energy barriers for these paths are listed in Table S2 (see also Figure S3 ). For the A→ D pathway, two values are given because the TP and O sites have slightly different energies.
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Estimation of target conductivity
We estimate the conductivity required for a hypothetical bipolar plate battery pack described by Adams and Karulkar. 1 We assume that the cathode uses carbon with a specific area of 100 m 2 /g C , 2 and that Li 2 O 2 forms a film of uniform thickness. Based on the parameters shown in The carbon loading is ⁄ , so the microscopic current density is ⁄ . To achieve an iR drop across the discharge product of , the conductivity must be ⁄ . We assume an uncertainty of two orders of magnitude in this estimate. 
Computational Methods
First principles calculations were performed using the Vienna ab initio simulation package is motivated by the fact that GGA+G 0 W 0 is known to underestimate gaps, while GGA+scGW (in the absence of vertex corrections) overestimates gaps. 8, 9 We obtained GGA+G 0 W 0 and GGA+scGW gaps of 7.76 and 5.70 eV; the 36% difference between the these two values is not uncommon. 8, 9 We found that a mixing parameter of α = 0.48 reproduces the reference gap of 6.62 eV. Given the uncertainty in the true band gap, there is some uncertainty in the optimal value of α and therefore the polaron hopping barrier (and, to a lesser extent, defect formation energies). (Additionally the value of α that reproduces the true band gap may not exactly reproduce the true band edges nor the hopping barrier. 10 ) A higher level of theory may be needed to further refine our estimate of the polaron hopping barrier.
The equilibrium concentration C of a defect X in charge state q in a given solid phase can be written as ( ) ( ) , where D X is the number density of defect sites. 11 The formation energy E f is calculated as:
where n i is the number of atoms of the i th species in the defect, μ i is the chemical potential of that species, ε F is the Fermi level, and E MP1 is the Makov-Payne monopsize correction. 13, 12 We set the chemical potential of oxygen to be one half the free energy of gaseous O 2 at 300 K and 0.1 MPa; This condition captures a scenario under which the cathode and the electrolyte (including dissolved oxygen) are in equilibrium with oxygen in the air. We calculate the free energy of oxygen as
where the k b T term accounts for the pV contribution to free energy, and S expt is the experimental entropy. 14 We have intentionally neglected the small contributions to the free energy due to the translational, rotational, and vibrational degrees of freedom because we are not including these terms in the bulk phases; this maintains some degree of error cancellation. 
. The assumption of local thermodynamic equilibrium within the cathode during cell operation (E ≠ E OCV ) is justified by the facility of lithium kinetics over the length and time scales relevant to cell operation. The predicted V Li -diffusivity 16 is fairly high at 6 × 10 -9 cm 2 /s, which corresponds to a characteristic diffusion length 16 over one hour ( √ ) that is much larger than the typical discharge product particle size (1 μm or less 17, 18 ), and prior experimental and computation studies indicate that the kinetic barrier for lithium adsorption/desorption from a Li 2 O 2 surfaces is quite low.
19-21
Because DFT systematically overbinds gas-phase O 2 relative to solid oxides, 22, 23, 19 we correct the ground state energy of the O 2 molecule using the experimental formation enthalpy of Li 2 O 2 .
For defect calculations, we apply a correction to the energy of O 2 based on the experimental formation enthalpy of Li 2 O 2 at 300 K, Lastly, we discuss finite-size effects in our simulations. While more complicated finite size corrections have been proposed, the monopole errors have been shown to be the leading error, scaling as one over the length of the supercell. 12 We note that the inclusion of the monopole correction is an improvement over previous studies on polarons in Li 2 O 2 , which did not include any finite size corrections. 24, 25 Using density functional perturbation theory (with the PBE functional), 26 we have calculated the in-plane and out-of-plane relaxed-ion (i.e. low-frequency) dielectric constants of Li 2 O 2 to be ε xx = ε yy = 7.48 and ε zz = 12.54; given the relatively modest anisotropy, we simply adopt a value of ε = 10 for the purposes of calculating finite size corrections. This yields a correction of E MP1 = 0.17 eV for defects with a charge of q = ±1 in our 3×3×2 supercell. Figure S5 shows that the MP1 correction significantly improves size convergence for the V Li -(O) defect. We also performed some finite size tests on the hole polaron, as shown in Figure S6 .
However, because this defect is unstable in GGA, it was necessary to use a hybrid functional;
consequently it was not possible to go to larger cell sizes. At small sizes, one can see that the hole polaron in HSE is more sensitive to supercell size than the negative lithium vacancy. Based on the magnetization density shown in Figure S1 (b), we attribute this behavior to wavefunction overlap between periodic images. A linear fit is shown to allow for extrapolation to infinite supercell size. are not expected to have a linear dependence on the cell dimension.
